Background: Dedication of forests to a god or goddess is a potent example of an indigenous conservation practice, devised by native inhabitants to put an end to the unrestricted utilization of community forests. The present paper describes a case study of three little known Sacred Groves (SGs) from the Western Himalayas. SGs are communally protected forest fragments with significant religious connotations.
Methods: A preliminary survey was conducted in and around these SGs to evaluate the status of biodiversity, different myths and beliefs associated with them and their role in the biodiversity conservation. After establishing oral prior informed consent, data was gathered from the local participants especially from elderly people through semi-structured questionnaires. Approximately 30% of the total households in each SG were interviewed. Two different sampling methods (random sampling and snowball sampling) were used for selection of informants from two different communities. The information collected included the general information regarding the SGs and the associated deity, nearby human occupancy, floral and faunal diversity and the ethnomedicinal property of different plants.
Results: A total of 78 plant species (including 37 trees, 27 shrubs and 14 herbs) belonging to 58 genera and 41 families were reported from the three sacred groves. About 91% of these plant species had ethno-medicinal importance. A few rare and threatened animal species were also reported that included Naemorhedus gora (Himalayan goral, near threatened, NT) reported from SG2 and SG3; Panthera pardus (leopard, vulnerable, Vu) and Ursus thibetanus (black bear, critically endangered, CR) both reported from all the three SGs. 
Background
Sacred Groves (SGs) are communally protected forest fragments with notable religious connotations. They are regarded as "Sacred Natural Sites" by IUCN (Oviedo et al. 2005) and have been prioritized for biodiversity conservation and ecological services at local landscapes. These community lands are considered a storehouse of local biodiversity. They are hailed for richness of endemic species, ecological services and subsistence economy (Jamir & Pandey 2003 , Kandari et al. 2014 , Negi 2010 , Singh et al. 2017 . Because of limited human activity due to socio-cultural taboos and prohibitions, the SG frequently accounts old-growth forests, many ecologically and socio-culturally valuable plant species (Malik et al. 2016 , Ray et al. 2010 . Thus, the SGs are now being frequently accessed and assessed for integrating ecological research, conservation policy, traditional management and local livelihood (Singh et al. 2017) .
SGs have gained much significance in recent times, particularly after the ratification of the "Convention on Biological Diversity (CBD)". SGs are considered to be an excellent example of community-based nature conservation and can prove helpful in acquiring the goals of CBD, community-based conservation being one of the main agendas of CBD. The significance of SGs in socio-religious life as well as livelihood security has benefitted the local communities longterm and are substantiated by numerous local customs, folklore, social and religious taboos (Anthwal et al. 2010 , Kandari et al. 2014 , Negi 2010 . SGs are reported from many countries all over the world, but their present occurrence is mostly restricted in Africa and Asia (Hughes & Chandran 1998) . In India, they are known by different names, e.g. as 'Kovil kadu' in Tamil Nadu (Amirthalingam, 1998) , 'Sarnas' in Bihar and Bengal, 'Devarakadu' in Karnataka, 'Lai Umang' in Manipur 'Kavu' in Kerala, "Oran" in Rajasthan, 'Devari' in Maharastra, Bani' in Jammu, 'Asthan' in Kashmir, 'Dev Van' in Himachal Pradesh, Madhya Pradesh and Uttarakhand (Ormsby & Bhagwat 2010) and 'Mandu' in Nepal (Kunwar 2018) . India has more than 4,000 sacred groves that cover about 39,000 ha of forests (Malhotra et al. 2007) . Although sacred groves are seen in many parts of India, Uttarakhand state in Western Himalaya is a unique landscape known for sustaining this tradition. Termed as Dev-bhumi or "land of gods", Uttarakhand is rich in biodiversity and a number of SGs have been established for its conservation. There are about 1,000 SGs, and almost every village or group of villages has its own deity with a shrine often surrounded by a forest patch considered as sacred (Bisht & Ghildiyal 2007 (Bhakat & Sen 2012) .
SGs are generally a part of reserve/protected forest systems or under strong community management and are mostly in conservation and management agenda for their expanse, rich biodiversity, tradition, heritage and cultural values. As an ecosystem, SGs help in soil and water conservation besides preserving biological wealth. However, changing social and traditional perspectives have altered the grove management systems (Ray & Ramachandra 2010) . SGs are slowly vanishing under the impact of modernization (Singh et al. 2017) . Assessment of biodiversity proves extremely practical for determining the diminishing biodiversity. Only after assessment, preservation measures can be taken. The present paper reports a case study of three little known SGs of Uttarakhand and with the aim: i) to assess and document the floral and faunal diversity of these SGs, ii) to document the ethnomedicinal plants along with their uses and iii) to document the different socio-cultural taboos, myths, and beliefs regarding biodiversity conservation.
Material and Methods

Study area
The present study was carried out in three little known sacred groves (Nagdev, Chanderbadni, and Surkanda) from the Western Himalaya located in two districts of Uttarakhand ( Figure 1 Figure 1) . Nagdev Temple is a Hindu shrine dedicated to Nag Dev (the serpent god) and is located amidst the dense vegetation of Pinus wallichiana A. B. Jacks and Rhododendron arboreum Smith. The total forest area of Nagdev Range is 6,641 ha of which 337 ha belongs to Nagdev Block (Rawat et al. 2014 ) and 42.9 ha to Nagdev temple forest (SG1). Nagdev SG is surrounded by two villages, Kewras and Chopra which are located at about 2 kms north from the Nagdev (SG1). The other two SGs, Chanderbadni (SG2) and Surkanda (SG3) are located in Tehri district of Uttarakhand ( Figure 1 and Figure 1 ). A temple called "Surkanda Temple" found in this SG is located on the summit of a hill accessible by about 2 km adequately steep track from the adjacent motorable road. Located amid dense forests, Surkanda has beautiful scenery. Kaddukhal is the nearest habitation, located at a distance of about 2 kms from SG3.The climate of the study areas is flexible and is divided into four different seasons viz., summer (April-July), rainy (August-October), winter (November-January) and spring (FebruaryApril). The rainfall in the area is mainly governed by the monsoon rains (about 70%-80% of the total annual rainfall occurs during raining season. Nevertheless, precipitation occurs almost daily at higher altitudes.
Ethnobotanical data collection
An introductory survey was carried out (following Singh et al. 2017) in the above mentioned SGs to study their biodiversity, and different myths and beliefs associated and their role in conservation. The inhabitants of the study area are Hindus. There are usually four social classes in Hinduism: Brahmins (priests, scholars and teachers), Kshatriyas (rulers, warriors and administers), Vashyas (agriculturists and merchants) and Shudras (laborers and service providers). Among these four classes, Brahmins and Kshatriyas are considered upper class Hindus, Vashyas are middle class while the Shudras belong to the lower class. With the help of semi-structured questionnaires and informal interviews, information regarding the socio-religious role of the sacred forests was collected by the survey which was chiefly carried out among the elderly and knowledgeable persons of the adjoining villages, after getting their oral prior informed consent (Negi 2015) . The persons interviewed (usually the heads of the families) were chosen to include almost equal representation from different classes. The informants were selected using two different sampling methods and random sampling (for upper class Hindus) and snowball sampling (in case of lower class Hindus). Since the area is dominated by upper class Hindus, the number of lower class families that could be interviewed was limited. It was hard for the authors to locate potential lower class informants by random sampling and hence we had to adopt the snowball sampling method, starting with suggestions from the local village councils. Semi-structured questionnaires were used to interview approximately 30% of the total households in each adjoining village (a total of 123 households in 4 villages). The villages surveyed include Chopra and Kewras (adjoining villages of SG1), Pujar (adjoining village of SG2) and Kaddukhal, adjoining village of SG3 (Table 1) . Governmental and nonGovernmental agencies, as well as literature sources, were also consulted. The information collected included general details regarding the SGs and the associated deity; their floral and faunal diversity; adjoining human habitation and access to them. Information about the ethnomedicinal properties of different plant species was collected from the local people living around the SGs (Singh et al. 2017) . The local people normally do not share the ethno-medicinal information with an outsider as they believe that the effect of that particular plant will vanish if they reveal it to anybody. Building confidence took quite a long time. Herbarium specimens were collected for the proper identification and authentication of plants. Each of the collected plants was given a collector number in the field itself starting from 5001. Medicinal plants were also identified by matching the live plants with a pictorial field guide (Murthy 2011 ) and specimens of all plants were collected and rechecked for proper identification using standard literature including the local floras (Gaur 1999 , Naithani 1984 -1985 , and doubtful specimens were further verified at the herbarium of HNB Garhwal University (GUH Srinagar, Uttarakhand). Fauna was identified by using standard literature (Chakraborty et al. 2005; Sharma et al. 2014) . 
Results
Biodiversity
Nagdev SG is bestowed with a rich floral and faunal diversity. A total of 75 plant species were reported from this SG ( Table 2 ). The number of species varied in different life forms and taxonomic categories ( Figure 2 ). Rosaceae, with the maximum number of species (14) was observed to be the dominant family. Almost all the plant species had one or another ethnomedicinal importance ( Table 2 ). The predominant vegetation is represented by species of
Chanderbadni is a Siddhapeeth i.e. the sacred site where all the desires are fulfilled (according to a religious belief). A total of 61 ethnomedicinally important plant species were reported in all the three life forms from this SG ( Table 2 ). The number of species varied in different life forms and taxonomic categories ( Figure 2 ). Rosaceae, with the maximum number of species (11) was the dominant family in this SG also (Table 2) .
A total of 23 plant species that have ethno-medicinal importance were reported from Surkanda, SG3 (Table 2 ). The number of species reported was much less as compared to SG1 and SG2 (Figure 2 ). Abbreviations: TS= tree species; TG= tree genera; TF= tree families; SS=shrub species; SG=shrub genera; SF=shrub families; HS=herb species; HG=herb genera HF=herb families. According to Hindu mythology, the gods and goddesses travel at very high speed on different animals and birds called deity mounts or vahanas (animal vehicles). For example, Lord Ganesha (the elephant headed god) rides on a mouse/musk shrew, Lord Indra (god of rain and thunderstorm) on an elephant and Kartikeya (god of war) on a peacock. This concept is introduced to promote and maintain harmony in nature. Conservation of biodiversity along with human beings is essential to sustain ecological stability (Malik 2014) . Hence, many wild and domestic animals were deliberately attached to gods to weave mythology for protection of animals and plants (Kandari et al. 2014) .
The animals that are often seen in and around the studied sacred groves include Felis chaus (Jangli Billi), Macaca mulatta (Bandar), Panthera pardus (Guldar), Selenarctos thibetanus (Bhalu), Sus scrofa cristatus (Janglisaur, wild boar), Vulpes vulpes (Lombdi, fox) etc. Some of these animals are threatened and endangered (Table 3) , while some are associated with religious beliefs and hence are considered to be sacred (Table 3 ). e.g. Macaca mulatta (monkey) is a sacred animal in the Hindu religion and is to be revered and protected.
Socio-cultural taboos and rituals
The studied sacred landscapes contain rich biodiversity. These are regarded as 'sacred' due to association with one or another deity and are conserved in a pristine condition. According to the local population, cutting of green trees has been prohibited and partial extraction of biomass in the form of dead, fallen and dry trees is permitted from the forest floor around the temples. Forest Department Officials, in association with the denizens, have set up rules and regulations for the better administration of these undisturbed woods. This strategy is comparable with the today's concept of biodiversity conservation by means of protected areas (sanctuaries, national parks, and biosphere reserves).
Taboos are the unwritten, verbally conveyed traditional and social rules while rituals are the religious customs. Both play an important role in the conservation of biodiversity. These are the motivating factors for sustainable use of the resource. In the present study, some taboos were noted that are to be followed by all the villagers. The study area is dominated by upper class Hindus (Brahamins and Kshatriyas) that govern the Taboo system while the middle and lower classes were relegated to carrying out functionary tasks. The Taboos include: a) Shudras (lower class members) and women are strictly prohibited from entering the sacred forest due to the belief that they are impure. Women, irrespective of the class, are not allowed to enter into a sacred grove especially during their menstruation. b)
Collection of bio-mass in the form of fodder and fuel-wood is strictly prohibited in these SGs which protects the economically important plant species from the ruthless exploitation.
c) The temples located in these SGs should be visited barefooted so that the wishes become true. d)
Killing of animals and uprooting of plants is not allowed in the SGs. Use of iron made tools (like a knife, sickle) on the plants and animals could hurt the feelings and emotions of gods and goddess and makes them sad. The forest fairies, in turn, are angered and their rage can make the offender mad or deformed. e)
Anything made of animal skin/hide is banned in these SGs. 
SG1 / SG2 / SG3
Suncus murinus Linnaeus 1766
Chuchundar Musk shrew LC Lord Ganesha is accompanied by musk shrew wherever he travels.
SG2
Sus scrofa cristatus aff.
Gray, 1847
Jungle suar Wild boar LC Associated with lord Vishnu.
SG1 / SG2 / SG3 Vulpes vulpes Linnaeus, 1758
Notes: * LC= Least Concern, DD= Data Deficient, NT= Near Threatened, Vu= Vulnerable, CR= Critically Endangered; Source: http://www.iucnredlist.org/ Myths associated with the Nagdev, Chanderbadni and Surkanda Scared Groves Nagdev SG is named after the 'Nagdev temple' located in this area. Nagdev temple is worshiped by the people of 'Dobhal' caste. Dobhal is a surname of some families of the upper class, the Brahamins. A mythology prevails behind the establishment of this temple. It is believed that a person named Gangu Ramola lived with his wife in Sem Mukhem village. They had no children. He used to drink alcohol and used to tease the girls of the village. His wife was a great devotee of Lord Krishna. After many years, they were blessed with a baby boy whose upper portion resembled a snake and the lower portion was similar to a human being. The villagers were afraid of him as they thought that the boy could do harm to them and therefore, they wanted to kill him. To save their child from the villagers, Gangu and his wife took their child to a forest nearby Pauri and left him there. And from then, people worship that place to seek shield from snakebite. Later on, the place became famous by the name of "Nagdev" (snake god).
Chandrabadni peak (Siddha Peeth) located on the frontier of tehsil Devaprayag and Pratapnagar is familiar for the temple of Chandrabadni Devi. The goddess (devi) linked with the temple is Durga Mata Sati who was the wife of Lord Shiva and daughter of Daksha Prajapati), and is considered as one of the famous deities in Garhwal Himalaya (Pala et al. 2014) . The belief held for the foundation of this temple and the surrounding SG is that when Sati had some argument with her father and she ended her life in the yagya (the fire around which the prayer is performed in Hinduism) initiated by her father, Prajapati Daksha who was not willing to embrace Shiva as her daughter's husband. It is commonly held that Lord Shiva carried Sati's corpse, on his Trishul to this place from Haridwar.
One of the most persistent myths behind the origin of worship at the Surkanda site is associated with the life of Sati, who was the wife of the god Shiva and daughter of the Puranic god, king Daksha. Daksha was not satisfied with his daughter's choice of husband, and when he performed a grand Vedic sacrifice for all the deities, he did not invite Shiva or Sati. Sati, in fury, jumped into the fire to make the sacrifice impure and unholy. It is said that being the all-powerful mother goddess, Sati left her body in that moment to be reborn as the goddess Parvati. In the meantime, Shiva was stricken with sadness and anger at the loss of his wife. He took Sati's body on his shoulder and started his tandava (dance of cosmic destruction) throughout the heavens and vowed not to stop till the body was completely decayed. The other's gods, scared of their annihilation, entreated Vishnu to appease Shiva. Thus, wherever Shiva roamed while dancing, Vishnu followed. He sent his chakram (Sudarshana, a discus) to destroy the corpse of Sati. Pieces of her body fell until Shiva was left with nothing to carry. Shiva then did Mahatapasya (great penance) to punish himself for his wrongdoings. It is held that there are about 51 pieces of Sati's body scattered throughout the Indian subcontinent. These locations are called Shakti Peeths (the holy places which are sources of energy for the visitors) and are devoted to different mighty goddesses. The head of Sati fell in the locality where the modern temple of Surkanda Devi stands. Due to this reason, it became Sirkhanda (sir in Hindi means head and khanda means part) which later on became Surkanda.
Ethno-medicinal plants and uses reported by participants
A total of 78 plant species (including 37 trees, 27 shrubs and 14 herbs) belonging to 58 genera and 41 families were reported from the three sacred groves. The majority of the plant species belong to least concern, LC, except Acer acuminatum and Corylus jacquemontii, which are data deficient (DD). About 91% of these plant species had ethno-medicinal importance. These plant species were used by local inhabitants for treating various ailments like asthma, cough, cold, cholera, constipation, cuts/wounds, digestive disorders, fever, eye/ear diseases, rheumatism and toothache (Table 2 ). It was observed that a particular disease was cured by many different plant species and, further, many plant species were reported to cure more than one ailment. The most privileged family used for the curing of disease was the Rosaceae. Although all plant parts were used in various remedies (Figure 3) , the leaves were used more frequently (31%) as compared to roots (27 %), bark (22%), seeds (9%), fruit (6%) and flowers (5%, Figure 3) . Current threats to grove system and future prospective/conservation measures SGs depict an excellent example of community based nature conservation. The method of protecting the natural biodiversity with the help of establishment of SGs is a unique feature of Western Himalaya. The present resurgence of interest in the grove system is mainly due to its valuable contribution towards much talked 'biodiversity conservation' and a number of free but important ecosystem services. SGs are more or less pockets of climax vegetation preserved on religious grounds (Sujana & Sivaperuman 2008 ). These harbour rare and endemic species protected on isolated land with social and religious beliefs (Kulkarni & Shindikar 2005) . Nevertheless, during the recent times SGs are threatened due to unplanned developmental activities besides various biological (invasive species, soil erosion, land-use change, etc.) and social threats like lost belief, violation of social taboos, change in religious and cultural life and population increment (Ray & Ramachandra 2010 , Singh et al. 2017 . Present day groves are experiencing different types of pressures majority of which are human induced. Anthropogenic pressures include fragmentation, area shrinkage, and degradation, alien species invasion, grazing and resource extraction (Malik et al. 2016 , Ray et al. 2010 . Fragmentation is a continuous procedure during which the natural habitat is progressively reduced into smaller patches that become more isolated and increasingly affected by edge effects (McGarigal 2002) . Forest fragmentation is the chief reason for the degradation of groves (Ray et al. 2010; Singh et al. 2017) . Due to the fragmentation, the species composition as well as the microclimatic conditions of the habitat are altered. It is because, as soon as a forest is fragmented, its interior is exposed to somewhat harsh environmental conditions due to which sunloving plant species start invading and in due course of time dominate the region (Malik 2014) . Thus, there is an urgency to maintain village traditions related to the conservation of SGs. At National level, different state forest departments, village level committees, academicians and researchers are working with various aspects as well as are actively involved in grove conservation works (Ray et al. 2010) . Conservation goals can be achieved by strengthening the existing conservation activities of the villagers and restoration of the degraded sacred groves. For providing necessary protection to the SGs and maintain their natural identity and sanctity, it is imperative that the surrounding population is taken into confidence. The local denizens need to be educated and guided for sustaining the sanctity of existing grove and strengthening them (Kandari et al. 2014) . Singh et al. (2017) also realized and advocated the same. Conservation of SGs is out of question until the local communities show their active participation. The local communities will participate and assist in achieving these conservation goals only if they are given some compensation. Because conservation unaccompanied by compensation is only conversation (gossip) and nothing else (Malik 2014 , Sing et al. 2017 . By upgrading their living standards and providing with the benefits of conservation to them, long-term conservation goals in these SGs can be achieved. It is also possible that some important SGs are brought under the protected area network 'PAN' to ensure their proper conservation.
Discussion
The results of the present study underline that the local SGs are not only important repositories of ethno-medicinal plant species, but also act as corridors for animal migration in anthropogenic landscapes. A total of 78 plant species and 10 commonly found animal species were reported from the three sacred groves. None of the reported plant species is endangered or threatened but among the animal species, a few are rare and threatened like Naemorhedus goral (Himalayan goral, near threatened); Panthera pardus (leopard, vulnerable) and Ursus thibetanus (black bear, critically endangered). During interviews we came to know that these are commonly seen wild animals in these SGs, although these have been kept in threatened categories by IUCN. In rural areas of Devbhumi, a number of plants, animals and even lakes and rivers are considered sacred and hence no felling or exploitation is being carried out (Singh et al. 2017) . As a result of this consecration many economically and ecologically important species of plants and animals which may be threatened and endangered in other areas are preserved in Sacred Groves and can form a genetic reservoir to serve as a guide against extinction of these species. For example, Naemorhedus goral (Himalaya Goral) is a threatened taxon because of poaching and habitat destruction (Duckworth & MacKinnon 2008) . In India, within protected areas, the status of goral populations is probably satisfactory; they are however often hunted for meat even within many of the protected areas (IUCN 2008) . In Tibet, poaching is thought to be limited due to prevailing religious beliefs (http://www.wilddocu.de/himalayan-goralnemorhaedus-goral/). These areas in Tibet can serve as a genetic reservoir in case there is a fear of extinction of Himalayan Goral in its other habitats. Similar is the case of leopard. The leopard's (Panthera pardus) broad geographic range, remarkable adaptability, and secretive nature have contributed to a misconception that this species might not be severely threatened across its range. Other studies (Jacobson et al., 2016) found that not only are several subspecies and regional populations critically endangered but also the overall range loss is greater than the average for terrestrial large carnivores. In the present study, we learnt during interviews that Panthera pardus (guldar) is considered as sacred due to its association with goddess Durga and hence is protected. In this way the present SGs can serve as a genetic reservoir for this awesome animal that is threatened otherwise.
Out of the reported 78 plant species, about 91% had ethno-medicinal importance. These plant species were used by local inhabitants for treating various ailments. The leaves were used more frequently (31%) as compared to roots (27 %), bark (22%), seeds (9%), fruit (6%) and flowers (5%). Similar results were reported by Keter & Mutiso 2012 from Kenya; Bhat et al., (2013) , Malik et al. 2015 , and Rathore et al. 2015 from Western Himalaya, and Akhtar et al. 2013 from Pakistan.
The religiously conserved regions provide a comprehensive and rich ecological niche as repositories of genetic diversity (Anthwal et al. 2010) . But nowadays the condition of sacred groves is not good because of deteriorating belief and faith. While interacting with the senior participants, we learnt that especially youngsters have lost the faith and belief in religious matters. They hardly care about these things. The other reasons for the increased threats to SGs can be many viz., dearth of an integral conservation effort, increased demands for biomass extraction in the form of NTFPs (non-timber forest products), fuelwood and fodder; decrease in religious beliefs along with the declined dedication of present generation towards such natural sacred places (Singh et al. 2017) . Thus, these SGs need to be protected and managed wisely. Only then these can be saved from disappearance; the concerned organizations at National and International levels can play an important role in this regard.
Conclusions
The studied SGs play a vital role in the conservation of biodiversity. It can be imagined by the fact that collection of bio-mass in the form of fodder and fuelwood and killing of animals is strictly prohibited in these SGs which further leads to the protection of economically and ecologically important biodiversity from the ruthless exploitation. SGs can also offer protection to those fragile habitats and rare/endemic species that are excluded from conventional protected areas (PAs), and this approach to conservation has greater importance. However, like in many other areas, the studied SGs face a number of challenges that need to be addressed. The studied SGs are not free from anthropogenic interferences. The main reason for the deteriorated condition is mistrust of traditional beliefs, social customs, and taboos, which not only indicates the loss of the biodiversity but also its tapestry of culture associated with the grove. Hence, in order to protect and conserve these unique and biodiversity rich SGs which represent the repositories of many endemic and threatened biota, it is very important to maintain those beneficial social customs and beliefs that really help in conserving the studied SGs as a whole. Having the local community as the custodians of the SGs can provide an effective tool for ensuring their conservation through community participation. The need of the hour is external intervention taking the local people into confidence. It is high time for the conservationists, ethnobiologists and communities along with government and non-governmental organizations to take up strategies for conserving these fragile landscapes for the betterment of humankind. These responsible persons of the society should highlight the ecological services rendered free by SGs and common people should be made to realize that the conservation of groves is crucial for their sustenance.
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